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I° 
It has been long known that the young of such mammals as mice, 
rats, and man have little capacity for thermozt~mlation at birth and 
remain in a sense poikilothermic for some time thereafter (Edwards, 
1832; Pembrey, 1895; Babf~k, 1902; Sumner, 1913). 
We have made use of this condition in studying the respiratory 
movements of mice, 1 to 2 days old, by varying the environmental 
temperatures.  The undeveloped homeothermy makes it possible  to 
extend analysis by thermal increments (Crozier, 1924-25,  a; i924-25, 
b; Crozier and Stier, 1924-25, a) to the activities of mammals, and so 
to find if controlling processes commonly recognized by this means in 
the  vital  activities  of  poikilothermic animals  are  also  found  with 
intact, uninjured mammals. 
II. 
For these experiments we employed twenty animals of the 4th to 
5th  inbred  generations  from  controlled  brother-sister  mating  in  a 
number of comparable lines of piebald mice derived from  common 
stocks which had been previously loosely inbred.  ~ 
The differences between the internal  temperatures of these  mice 
and that of their environment were obtained by the method of ther- 
mometry commonly employed for such measurements (of. e.g., Rogers 
and Lewis, 1916; Pirsch, 1923).  A primary thermopile, consisting of 
three insulated pairs of No. 40  copper-constantin junctions, was in- 
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serted into the rectum of the young mouse; the reference thermopile, 
consisting of three of the  same bimetallic junctions joined in  series 
with their corresponding primary junctions, extended 3 cm. into the 
beaker surrounding the mouse.  A difference in temperature between 
the two thermopiles resulted in a deflection of the galvanometer.  By 
direct calibration of this circuit, each mill. on the galvanometer scale 
represented a temperature difference of about 0.18°C.  The tempera- 
ture of the chamber containing the mouse was kept constant to  at 
least 4-0.05°C. by an outside water thermostat, and by the circulation 
of air which was first bubbled through water and then passed through 
20 feet of coiled glass tubing immersed in the water bath.  A standard 
thermometer reading to  0.01°C.,  the  thermopile leads,  and  the  air 
line, entered the chamber through a  hole in the plate glass  window 
covering the beaker, in such a  way that the respiratory movements 
of the animal were not obscured.  The mouse was held on a  strip of 
cork by three strips of adhesive tape.  Whether the mouse was held 
dorsum up or belly up made no apparent difference in the respiratory 
rates.  However, when the abdomen is clearly exposed, movements 
of the ribs, abdomenal musculature, and especially of the milk-filled 
stomach, can be more easily seen.  It may be  stated that without 
practice there is great difficulty in observing the respiratory move- 
ments  accurately,  since  recurrent  periods  of  activity  change  the 
muscle tensions and so tend to mask the rhythmic contractions of the 
body wall.  Consequently one of us always observed the respiratory 
movements, taking with a  stop-watch the time for  ten  inhalations, 
while  the  other observer  noted  the  deflection of  the  galvanometer 
during the reading. 
We  secured  many detailed  observations regarding  the  characteristics  of the 
galvanometer deflections  which occur at constant air temperatures, the increase of 
the deflection with rise in temperature of the surroundings, and the increasing 
difference between the internal and the external temperature with advancing age 
of the animal.  But these data are of more particular interest for an account of the 
development of the thermoregulatory  mechanism in mice.  It will suffice to note 
that when the outer temperature is changed the internal temperature alters to a 
definite level above that of the environment and is then maintained constant at 
this new level.  For 2 day old mice this equilibrium  temperature was found to be 
0.1°C. hgiher than the external temperature of 16°C., and from 2  ° to 3  ° higher at 
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perature may be the resultant effect of the heat produced during the increased 
"spontaneous" muscular activity  ~  and of the rate of cooling  which probably follows 
Newton's law of cooling as found for example in chickens (Mitchell and Haines, 
1927). 
IlL 
A number of investigators (cf. Crozier, 1924-25, b and 1925-26, b) have 
measured the rates or frequencies of vital activities in excised mamma- 
lian organs and tissues.  The "temperature characteristics" for these 
data, as calculated (Crozier, 1925-26, b) using the Arrhenius-Marcelin- 
Rice equation, fall into those classes of values typically found for vital 
processes in general.  We also find certain of these modal values of 
when we plot the log frequency  of respiratory  movements against  the 
reciprocal of the absolute temperature.  The calculations are based on 
3600  stop-watch  readings  with  twenty animals  in  twenty series of 
"runs."  Typical plots are given in  accompanying figures. 
In obtaining these data  we made special effort to  take thirty to 
thirty-five readings at  each temperature, because we  quickly noted 
that unusually wide variation appeared in the readings.  With such 
a large number of observations it is then possible to catch the extreme 
rates, which repeat themselves cyclically, as earlier shown in the case of 
respiratory movements of grasshoppers (Crozier and Stier, 1924-25, a). 
The plots dearly show this variation, but they also show that through- 
out the temperature range it is expressed as a  constant percentage of 
the mean, thereby making the latitude of variation of constant width 
(logarithmically)  except  where  the  thermal  increment  changes 
abruptly.  In spite of the comparatively wide latitude of variation, 
the means and the extreme variates are fitted by the Arrhenius equa- 
tion  with a  precision comparing favorably with that in other  cases 
previously published.  It is often overlooked that a primary desidera- 
tum for such treatment is many readings at each constant temperature 
over a sufficient period of time (Crozier and Stier, 1926-27). 
It  might  be  expected that  since there  is  such  variability  in  the 
readings, due to  cyclic variations in  frequency of  breathing  and  to 
errors arising from difficulties encountered in observation, the  calcu- 
lated values of the thermal increments might be distributed at  ran- 
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dora.  However, in the accompanying table it is seen that  the values 
of  g  closely  group  themselves  in  commonly  occurring  classes  (of. 
Crozier, 1925-26, b). 
No. oi  instances  Modal #  Extreme range 
8,000 
12,000 
18,000 
28,000 
33,000 
36,000 
8,450 
12,000-12,800 
18,100-18,190 
28,130-29,000 
33,000 
36,300--36,600 
Each of the values (save the last) falls into a heavily weighted class 
oi u's as these are obtained from all available  data on protoplasmic 
activities.  As with  poikilothermic organisms,  definite  critical  tem- 
peratures occur above which or below which the effect of temperature 
change is only very slowly reversible; or at which there  are  abrupt 
changes in the values of the u obtained.  These temperatures  are at 
the modal values 34  °, 20  °, and 15°C., as have been obtained in numer- 
ous other instances (cf. Crozier, 1925-26, a). 
No. of instances  Average critical temperatures  Variation 
*C.  °C. 
2  15.5  16.7-14.2 
6  19.8  21.1-18.7 
3  35.2  37.6-32.7 
It is obvious that here again, as in earlier instances, it becomes ab- 
surd  to  uncritically  average  together  measurements  from  different 
individuals. 
IV. 
Winterstein (1911) and others have viewed the control of the activity 
of the medullary respiratory centre as by hydrogen ion.  If the fre- 
quency of respiratory  movements in the mouse were determined by 
some process catalyzed by I-I ion, it might be expected that the tem- 
perature  characteristic  for  respiration  in  mice should correspond  to T.  J.  B.  STZER  AND  G.  PINCUS  353 
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Fro. 1.  Upper curve: the critical increment for respiratory movements of mouse 
No. 18 is 18,100 calories, with an abrupt change of increment at 19.3°C. 
Lower curve: the critical increment for respiratory movements of mouse No. 16 
is 12,100  calories from 18.7 °  to 34.6°C.,  and 33,000  calories from 14.2 ° to 18.7°C. 
The data for mouse No. 18 are plotted against the upper temperature scale, those 
for No. 16 against the lower temperature scale. 354  THERMAL  INCREMENTS  IN  MICE 
that obtained for known H catalyzed processes (i.e., ~  =  about 20,000). 
However, for no example of respiratory movements studied in  this 
laboratory is this value of u obtained (e.g., Crozier, 1924-25, b; Crozier 
--  ~6,600 
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FIo. 2. Upper curve: mass plot  of  data  for  mice No. 4 (open circles)  and No. 13 
(half  circles)  ~v~ a  critical  increment  of  36,600 calories  from 15.1  °  to  20.5°C. 
Lower curve: data for mouse No. 6 give a critical  increment of 18,190 calories 
with  no  abrupt  change  of  increment. 
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and Stier, 1924-25, a, b, c; 1925-26).  There is thus no direct evidence 
given for the control of, respiration by a simple change in the pH of the 
fluid bathing the respiratory centre (cf. Gesell, 1923; Gesell and Hertz- T.  J.  B.  STIF..R AND  G.  PINCUS  355 
man,  1924-25).  The effects of varying the 02 pressure also adds evi- 
dence conflicting with a hydrogen ion hormonal control of respiration 
(Campbell,  1927).  As  judged  from critical increments, in  the  un- 
injured young mammal respiratory  frequency is  controlled  by  the 
activation  of  catalysts  similarly found to be the controlling links in 
some nexus of chemical reactions occurring in tissues of lower verte- 
brates and invertebrates. 
o 
_ 
1/]'°ebs.  x 10 ~ 
Fro. 3. Mass plot of data for mJce: No. 2 (dosed cLrdes), No. 3 (open circles), 
and No. 8 (half circles)  gives  an average  p of 12,470.  The data for mice Nos. 2 and 8 
are multiplied  by a factor. 
The value of 12,000  for p  which we obtained most frequently has 
been  found  primarily  associated  with  neuromuscular  activities  of 
arthropods (except breathing movements), being obtained for velocity 
of progression in Parajulus, and ants; frequency of chirping  in  tree 
crickets; frequency of flashing in fireflies; frequency of heart beat in 356  TB:ER~AL INCITEMENTS IN  MICE 
Limulus, Ceriodaphnia,  and Bombyx  larvae (Crozier and Stier, 1924-25, 
a).  This is the first time that it has been obtained for frequency of 
respiratory movements, although examples of its  occurrence might 
be  cited in  (unpublished)  experiments  by  Stier  and  Crozier with 
echinoderms. 
SUMMARY. 
The internal temperature of 2 day old mice deviates by +0.01  ° to 
+3.0°C.  from the environmental temperature over a  range of  24  °. 
The undeveloped temperature control allows rhythmic activities in 
this  mammalian  material  to  be  readily  subjected  to  the  analysis 
afforded  by  temperature  characteristics,  and  thus  makes  possible 
some insight into  the physicochemical events controlling vital proc- 
esses  in  entire  uninjured mammals.  The thermal increments  and 
critical temperatures obtained point to a similarity in the controlling 
system of reactions for both homothermic and poikilothermic organ- 
isms.  For  frequency  of  respiratory  movements  the  increments 
12,340 (19.6  ° to 35.2°C.) ; 28,340 or 35,500 (15.5  ° to 19.6°C.) are most 
frequently  found  (thirteen  cases).  Rarely  u  =  8,450,  33,000,  or 
18,340  (two  cases).  The  last  increment  is  either  associated  with 
=  36,000  below 20  °, or extends  unbroken  throughout the  whole 
range (one case). 
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